Objective-To determine the repeatability and sources of variability of clinical tests of cardiovascular autonomic function.
electrocardiogram, and from these the results of the tests were calculated.
Results-Variance analysis showed significant between subject variability for all tests (p < 0-005), but some tests showed a much smaller relative within subject variability than others. Average repeatability data (within subject SD) for each test were calculated, and included deep breathing sitting (maxmin) RR (46 ms), Valsalva ratio (0-17), and lying to standing RR ratio (0-11). These compare with between subject SDs of 65 ms, 0-38, and 0-13 respectively, at mean values of 305 ms, 1-92, and 1 15 respectively. The data highlighted one subject with the poorest repeatability, whose electrocardiogram turned out on closer inspection to be under atrial rather than sinus control at times. Poor repeatability in the other subjects was related to variability in the respiratory pattern, and in the deep breathing test, repeat variability was significantly correlated (r = 0-79) with variability in the respiratory amplitude (p < 0 05).
Conclusions-Repeatability data should be available to each laboratory carrying out autonomic function tests. The data provided in this study could be used as a baseline. Poor repeatability highlights the need to re-examine the test procedures, or the test data from specific subjects. Variability of respiratory pattern is associated with poor repeatability, and so careful instructions on respiration should be given to each subject before the tests. The autonomic nervous system (ANS) controls many body functions and is essential for wellbeing. Impaired autonomic function is associated with clinical abnormalities which include postural hypotension, sleep apnoea, diarrhoea, urinary retention, and impotence.' Diabetic subjects in particular suffer from autonomic dysfunction, and it has been estimated that between 20% and 40% have some evidence of damage to the ANS. 2 For the deep breathing test both maximum (max) and minimum (min) RR intervals were determined for each breathing cycle, and the difference (max-min) RR and ratio (max/min) RR calculated. After the RR intervals were converted to instantaneous heart rate (HR) the difference (max-min) HR was also calculated. From these variables the results for the first breathing cycle, the average of breathing cycles two to four, the SD of all RR intervals (SD RR), and beat to beat changes in RR intervals (SD A RR) were calculated. For each Valsalva manoeuvre the ratio of the longest RR interval after the end of the manoeuvre to the shortest RR interval during the manoeuvre was calculated. The Valsalva ratio (VR) was taken as the mean ratio from each pair of consecutive Valsalva manoeuvres. The 30:15 ratio is the ratio ofthe RR intervals following the 30th beat after standing to the RR interval following the 15th beat after standing. Due to the difficulty in defining exactly the point at which a subject is standing, a windowed 30:15 ratio was also determined (the windows being 10 beats centred on the 30th and 15th beats) to allow the use of the shortest and longest RR respectively. The SD RR and the SD A RR were also calculated for normal relaxed breathing. For each of the measurements made while the subjects were deep breathing, the mean and SD of the peak to peak change in respiration were determined from breathing cycles two to four. Variability between subjects, and between repeats on the between days, same day was assessed with analysis of variance. The SDs expressing the variability of each measurement in each test were calculated to enable differences between repeatability in each subject to be examined. Also, the average repeatability for each test was determined. To examine for any possible relation between variability of respiration and variability of test results, the deep breathing test was investigated quantitatively. This test was selected because an approach to analysing the respiratory waveform was readily apparent-namely, variability of the peak to peak respiratory pattern. The respiration pattern at the end of the Valsalva manoeuvre was variable and less amenable to quantitative analysis. The repeatability data were normalised to the mean value calculated for each subject, and correlated with mean respiration amplitude and resting RR before the test. Figure 1 shows the within subject variability in each subject for the three most commonly used tests. A few individual results were within the borderline or abnormal ranges of Ewing's definitions.6 Four of the results from deep breathing sitting were borderline, and one abnormal. These results occurred in three subjects, two of whom were the oldest in the study group. Only one of the 80 results Age (yr) from the Valsalva ratio would be considered abnormal, and this occurred in one ofthe oldest subjects. All the windowed 30:15 ratios were above the lower limit of the normal range. When repeat measurements were taken into account, all mean results were within normal limits. Figure 2 plots the results shown in figure 1 against age, confirming that the subjects fall within the normal age related ranges estimated by O'Brien et al 15 Ewing, 6 and Weiling et al. '9 COMPARISON OF TESTS Satisfactory tests, which readily distinguish between subjects, are those with a small within subject variability compared with between subject variability. To compare tests, table 3 provides the ratio of within subject SD to between subject SD. The smaller the ratio, the smaller the relative within subject variability and the better the test distinguishes between subjects. Clearly the Valsalva ratio fulfils this criterion the most satisfactorily. This is followed by SD A RR calculated from normal relaxed breathing. The variables calculated while deep breathing in the sitting position have a lower within subject variability compared with between subject variability than those calculated in the supine position. The mean results from three breathing cycles gave more repeatable results than those from a single cycle for the ratio (max/min) RR.
Results

REPEATABILITY OF TESTS
CAUSES OF POOR REPEATABILITY
When the data from all test procedures were plotted, the most striking qualitative finding was the relation between variability in respiration and variability of the test results. Figure 3 shows two examples from the deep breathing, Valsalva manoeuvre, and lying to standing tests. All clearly show how changes in the respiration pattern influence the results obtained. The pairs of examples for the deep breathing and the Valsalva manoeuvre shown were each taken from measurements on the same day for each subject. The magnetometer data were not normally recorded during the lying to standing test because of artifactual movement of the transducers during standing. Repeat recordings with the transducers fixed securely were obtained subsequently in one of the subjects.
The deep breathing test was selected for further quantitative analysis. For (max-min) RR in this test a relation between an increasing mean value and increasing SD was apparent for eight of the 10 subjects. When the SD/mean was calculated for each subject and compared with the SD alone, the range of the eight subjects (subjects 2-9) was reduced from 109% to 53%, and so this normalisation for the mean was undertaken before isolating other independent relations associated with increasing repeat variability.
The poor repeatability in one subject (subject 10) was found to be due to an intermittent change from an atrial to sinus rhythm with decreasing vagal tone on examination of the electrocardiogram. This subject was therefore excluded from further analysis of the causes of poorer repeatability.
For the relation between repeatability and variability ofthe way the test was performed, fig  4 illustrates how increased variability in test results is associated with increased variability ofrespiration(r = 0-79,n = 9,p < 0-05): there was also a trend in the relation with the mean resting RR preceding the test, but this was not statistically significant. Even in this study, the repeatability data were valuable in identifying one subject with a heart rhythm that was not fully under vagal control. We were unaware of the atrial rhythm RR variation until the poor repeatability, combined with a \T\g consistent respiratory pattern, made us take a close look at the electrocardiogram, which had been stored in the computer during the test.
Our study shows that the greatest source of poor repeatability is variation in respiration. but is easy to perform, with minimum instruction to the subject on how to breathe. During the deep breathing test, the sitting position gave more repeatable results for each variable than the supine position. This is perhaps because of the greater likelihood that subjects breathe more consistently with chest wall movement when sitting rather than with 
